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ACYLUREA CONNECTED AND SULFONYLUREA CONNECTED 

HYDROXAMATES 

FIELD 

Embodiments are disclosed of hydroxamate confounds which are inhibitors of histone deacetylase. More 
paiticularly, there are disclosed certain biaryl containing compounds and methods for their preparation. 
These conpoimds are useM as medicaments for the treatment of proliferative diseases. 

BACKGROUND 

Local chromatin architecture is generally recognized as an important factor in the regulation of gene ex- 
pression. The architecture of chroiiiatin» a protein-DNA coii9)lex, is strongly influenced by post- 
translational modifications of the histones which are the protein conq)onents. Reversible acetylation of 
histones is a key con^onent in the regulation of gene expression by altering the accessibiUty of transcrip- 
tion factors to DNA. In general, increased levels of histone acetylation are associated with increased tran- 
scriptional activity, whereas decreased levels of acetylation are associated with repression of gene expres- 
sion [1,2]. In normal cells^ histone deacetylase (HDACs) and histone acetyltransferase togedier control &e 
level of acetylation of histones to maintain a balance. Inhibition of HDACs results in the accumulation of 
hyperacetylated histones* which results in a variety of cellular responses* such as apoptosis, necrosis* dif- 
ferentiation, inhibition of proliferation and cytostasis. 

Inhibitors of HDAC have been studied for dieir therapeutic effects on cancer cells. For example, su- 
beroylanilide hydroxamic acid (SAHA) is a potent inducer of differentiation and/or apoptosis in murine 
■ erythroleukemia, bladder, and myeloma cell lines [3,4]. SAHA has been shown to suppresses the growth of 
prostate cancer cells in vitro and in vivo [5]. Other inhibitors of HDAC that have been widely studied fiai 
Haar anti-cancer activities are trichostatin A (TSA) and ttapoxin B [6,7]. Trichostatin A is a reversible in- 
hibitor of mammalian HDAC. Ttapoxin B is a cyclic tetrapeptide, which is an irreversible inhibitor of 
mammBlian HDAC. Howevef, due to the in vivo instability of these compounds they are less desirable as 
anti-cancer drugs. Recendy* other small molecule HDAC inhibitors have become- available for clinical 
evaluation [8]. Additional HDAC inhibiting compounds have been reported in the literature [Bouchain G. 
et al, J. Med. Chem., 46, 820-830 (2003)] and patents [WO 03/066579A2]. HDAC inhibitors have been 
reported to interfere with neurodegenerative processes, for instance, HDAC inhibitors arrest polyglutamine- 
dependeot neurodegeneration [Nature, 413, 18 October, 2001], 

Despite recent advances, there remains a need for an active conq>ouiid with desirable activity, solubility, 
and metabolic properties diat is suitaible for treating cancerous tumors. 
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SUMMARY 



There are disclosed histone deacetylase iohibitor confounds having the formula (I): 

G— Q— N-^ N-OH 
IJI-B— A^Z-L-< 

Formula (I) 

wherein 

• R' is selected from H, Ci -Cfi aDqrl, acyl; 

• L is a single bond or is a C|-Cs hydrocarbon chain yMch may contain 0 to 2 double bond or tiq>le 
bond or one doiible bond and one triple bond, die chain may be optionally interrupted by -S-, 
-S(0)- and -S(0)2-» and unsubstituted or substituted with one or more substituents independently 
selected firomtibe group consisting of C1-C4 alkyl; 

• Z is single bond or selected from O, S, S(0), 8(0)2, etc. 

• A is single bond or a ring which is selected from arylene, heteroarylene, cycloaDcylene and hetero- 
cycioallgrlene which could be frirther optionally substituted by X and Y. 

• B is sirigle bond or a ring which is selected from arylene, heteroarylene, ar^lkylene, heteroary- 
lalkylene, Ci-Cj alkylene, heteroalkylene, cycloallc^lene and heterocycloallgrlene vdiich could be 
fiirther optionally substituted by X and Y. 

• M is selected fromO, S, NH. NR*, NOH andNOR*. 

• R^ and R^ are the same or different and independently H, C| -C,o alkyl, alkenyl, heteroalkyl, halo- 
alkyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, hetcroaryl, C4 -C9 heterocycloalkylalkyl, cyclo- 
alkylalkyl (e.g., cyclopropyhnethyl), arylalkyl (e.g. benzyl), heteroarylalkyl (e.g. pyridyhnethyl), 
hydroxyl, hydroxyalkyl, alkoxy, amino, alkylamino, aminoalkyl, acylamino, phenoxy, alkoxy al- 
kyl, benzyloxy, allQrlosulfoiQfi. arylsulfonyl, arainosulfonyl, -C(OpK*. -OONHR*, -NHCONHK*, 
C(=NOH)R*, and acyl; 

• Q is selected from -S(0)2-, -CO- and -C(=S)-. 

• G is selected from aiyl, heteroaiyl, alkyl, cycloalkyl, heterocycloalkyl, arylalkjd and heteroarylal- 
kyl; they also could be fur&er substituted by X, Y, R^ hydroxyl, hydroxyalkyl, alkoxy, amino, al- 
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Itylanuno, aimooalkyl, acylamino, phenoxy, alkoxyallQrl» benzyloxy, alkylosutfonyl, aiylsulfonyl, 
aminosulfonyl, -C(0)OR*, -C(0)OH, -SH, -CONHK*. -NHCX>^^HR^ and C(=NOH)R*. 

• X and Y are the same or different and independendy selected from liQrdrido, halo, Ci -C^ aH^l^ 
such as CH3 and CF3. NO2, OR^ SR^ C(0)R5, CN, andNR^ R' ; 

• R** is selected from C1-C4 alkyl, heteioalkyl, aryl, heteroaiyl, acyl; 

• R^ is selected from CrC4 alkyl; 

• R^ and R' aie die same or different and independently selected from hydrido, Ci-Ce alkyl, C4-C9 
cycloalkyl, C4-C9 heterocycloalkyi, aryl, heteroaryl, arylalkyl, heteroarylalkyl; 

or a phamnaceutically acceptable salt thereof. 

hx addition to compounds of Formula I, the embodunents disclosed are also directed to phaxmaceutically 
acceptable salts, pharmaceutically acceptable prodnigs, and phaxmaceutically active metabolites of such 
confounds, and phamwceutically acceptable salts of such metabolites. Such conq>ounds, salts, prodrugs 
and metabolites are at times collectively referred to herein as "^HDAC inhibiting agents". 
The embodiments disclosed also relate to pharmaceutical compositions each conqprising a therapeutically 
effective amount of a HDAC inhibiting agent of the embodiments described with a pharmaceutically ac- 
ceptable carrier or diluent for treating cellular proliferative ailments. The term effective amount as used 
herein indicates an amount necessary to administer to a host to achieve a therapeutic result, e.g., inhibition 
of proliferation of malignant cancer cells, benign tumor cells or odier proliferative cells. 

Odier embodiments describe use of the above conqxiunds and compositions to treat diseases or to mod- 
ify deacetylase activity. 



There are disclosed hydroxamate con:q)ounds, for example acylurea or sulfonylurea containing hydrox- 
amic acid in one of the substituents, that may be inhibitors of deacetylases, including but not limited to 
inhibitors of histone deacetylases [2]. The hydroxamate conq^ounds may be suitable for treating tumors, 
including cancerous tumors. The hydroxamate compounds of the present embodiments have the following 
structure (Q: 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIME^rTS 



G— Q— N-^ 



M 




N-OH 




iidierein 



• is selected ftom H, C| -Q alkyl, acyl; 

• Lisasinglebondor is a Ci-<!^ hydrocarbon cham^ch my contain 0 to 2 double bond or triple 
bond or one double bond and one triple bond, the chain may be optionally interrupted by -0-, -S-, 
-S(0)- and -S(0)2-i and unsubstituted or substituted with one or more substituents independently 
selected from the group consisting of Ci-Q alkyl; 

• Z is single bond or selected from 0» S, S(0), 8(0)2, etc. 

• A is single bond or a ring which is selected from arylene, heteroarylene, cycloalkylene and hetero- 
cycloalkylene which could be furtiier optionally substituted by X and Y. 

• B is single bond or a ring which is selected from arylene, heteroarylene, arylalkylene, heteroary- 
laB^lene, Ct-Cj alkylene, heteroalkylene, cycloalkylene and heterocycloalkylene which could be 
further optionally substituted by X and Y. 

* • Mis selected from 0,S,NH,NR*,NOH and NOR^ 

• R^andR' are the same or different and independendy H, C| -Cio aDcyl, alkenyl^ heteroalkyl, halo- 
alkyl, alkynyl, aryl, cycloalkyl, heterocycloalkyl, heteroaryl, C4 -C9 heterocycloalkylalkyl, cyclo- 
alkylalkyl (e.g., cyclopropylmethyl), arylalkyl (e.g. benzyl), heteroarylalkyl (e.g. pyridylmethyl), 
hydroxyl, hydroxyalkyl, alkoxy, amino, alkylamino, aminoalkyl, acylamino, phenoxy, alkoxyal- 
kyl, benzyloxy, alkylosulfonyl, arylsulfonyl, aminosulfonyl, -C(0)OR*, -CONim^*, -NHCONHR^ 
C(=NOH)R*, and acyl; 

• Q is selected from -S(0)2-, -CX>- and ^(=S)-. 

• G is selected from aryl, heteroar^, alkyl, cycloaQ^, heterocycloalkyl, arylalkyl and heteroarylal* 
. kyl; diey also could be further substituted by X, Y, R'*, hydro^^l, hydro^alkyl, alkoxy, amino, al- 

iQrlamino, aminoalkyl, acylamino, phenoxy, alkoxyalkyl, benzyloxy, alkylosulfonyl, arylsulfonyl, 
aminosulfonyl, -C(0)OR*, ^(0)0H, -SH, -CONHR^ -NHCONHR^ and C(=NOH)R^. 

• X and Y are the same or different and independently selected from hydiido, halo, Ct -C4 allqrl, 
such as CH3 and CTj, NO2, OR*. SR*, C(0)R^ CN, and NR* R^ ; 

• R* is selected from Ci-C4 alkyl, heteroalkyl, aryl, heteroaryl, acyl; 

• R^ is selected from CrQ alkyl; 

• R^ and R^ are the same or different and Indep^identiy selected from hydrido, all^l, C4-Q 
cycloalkyl, C4-C9 heterocycloalkyl, aryl, heteroaryl, arylall^l, heteroarylalkyl; 

or a pharmaceuticaUy acceptable salt thereof 

In further embodiments there is disclosed conq}oimd of Fonnula (I) wherein each of R\ R\ X and Y is R 
In further embodiments diere is disclosed conq>ound of fonnula (la) wherein R* R^ H; R^, X, Y, Z, A, 
B, R^ and R^ are the same as for Formula (I). 
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H 



6 — ^N-^ \i-OH 
H N-B— A-Z-L-^ 

Formula (la) 

In furtliBr embodiments tfaeie is disclosed a conqtound of fonnuia (lb) wherein = = H; X, Y, Z, A, 
B, R' and R"^ are the same as for fomiula (I). 

G — §— N-OH 
A I N-B— A— Z— L-^ 

Formula (lb) 

In furiher embodiments there is disclosed a compound of formula (Ic) wherein R^ X, Y, A, B, G, R'' and 
R^ are fhe same as for formula (I). 



9 p H 



h'' ih-b— a L-^_ 



l*-OH 

- - ^ 



Formula (Ic) 

In fuidier embodiments there is dis closed a compoxmd of formula (Id) v^ecein R^ X, Y, U B , G and ^ are 
die same as for formula Q), 

N-OH 



H B L-^ 

Formula (Id) 
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In furtiier embodiments diere is disclosed a confound of fbnnula (le) wherein X» Y, L, A, G, L and 
R* axe Ae same as for fonnula (I). 

-N-^ N-OH 
I N-B— A L-^ 



Formula (le) 

In fuidier embodiments ^ere is disclosed a conq>ound of fonnala (If) wherein X, Y, B, L and R^ 
are the same as for formula (I). 



G 



Q O H 



N-OH 



R 



2 



Formula (If) 

In further embodiments there is disclosed a conqiound of formula (Ig) wherein B is a single bond or CH2, L 
is a single bond or selected from CH2, CH2CH2, -CH-CH-, -G-triple bond-O-. R^ is selected firom H, alkyl, 
aiylalkyl, arylheteroalkyl, heteroarylalkyl, heteroarylheteroalkyl. B is attached to meta or para position of 
phenylene against L. G is selected from aiyl, heteroaryl, alkyl and alkoxyalkyl. 




Formula (Ig) 

In further embodiments there is disclosed a compound of formula (Ih) wherein n is an integer from 1 to 8; 
R^ is selected from H, alkyl, arylalkyl, arylheteroalkyl, heteroarylalkyl, heteroarylheteroalkyl; G is selected 
from aiy]« heteroaryl, alkyl and heteroalky L 
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N-OH 



h'' n — (CH2)jr-i 



Formula (Ih) 

In IKiilfaer embodiments there is disclosed a conq>ound of Ifoimula OQ wherein B is a single bond or CH2, L 
is a single bond or selected from CH2, CH2CH2, -Caa=CH-, ^-triple bond-C-, Ri is selected from H, alkyl, 
arylallcylaiyl, heteroalkyl, heteroarylalkyl, heteroarylheteroalkyl. X is selected from H, halo, C1-C4 all^l. 
alkoxy, alkylamino; B is attached to meta or para position of phenylene against L. 

0 ft H 

N-OH 



Formula (11) 

In further embodiments tiliere is disclosed a compound of (Ij) wherein n is an integer from 1 to 8, X is se- 
lected fromH, halo, CrC4 alkyl, alkxoy, alkylamino. 

. 6 l\ *f — {CH2)ii-H 

R2 

Formula (Ij) 

In fitrther embodiments diere is disclosed the use of a pharmaceutical conq)osition of compound of fbmuila 
(I) to treat proliferative diseases, including cancerous tumors. 

In fuilher embodiments there is disclosed the use of a pharmaceutical conqwsition of compoimd of formula 
(la) to treat proliferative diseases, including cancerous tumors. 

In furdier embodiments there is disclosed fte use of a pharmaceutical conqmsition of confound of frirmula 
(lb) to treat proliferative diseases, inchiding cancerous tumors. 
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In further embodiments there is disclosed the use of a pharmaceutical conqiosition of con?>ound of formula 
(Ig) to treat proliferative diseases, including cancerous tumors. 

In furflier embodiments there is disclosed the use of a pharmaceutical conqiosition of conq)Ound of formula 
(Ih) to treat proliferative diseases^ including cancerous tumors. 

In furflser embodiments there is disclosed the use of a pharmaceutical composition of con^und of formula 
(I) to modify deacetylase activity, preferably histone deacetylase activity. 

In further embodiments there is disclosed the use of a pharmaceutical conqjosition of conqjound of formula 
(la) to modify deacetylase activity, preferably histone deacetylase activity. 

In further embodiments there is disclosed fb& use of a pharmaceutical composition of conqpound of formula 
(lb) to modify deacetylase activity, preferably histone deacetylase activity. 

In fiirther embodiments there is disclosed tiie use of a pharmaceutical conqwsition of compound of formula 
(Ig) to modify deacetylase activity, preferably histone deacetylase activity. 

In fhrther embodiments there is disclosed the use of a pharmaceutical con^osition of compound of formula 
(Ih) to modify deacetylase activity, preferably histone deacetylase activity. 

In further embodiments there is disclosed the use of a pharmaceutical composition of confound of formula 
(Tb) to modify histone deacetylase activity, preferably HDAC8 activity. 

In further embodiments fliere is disclosed flie use of a phannaceurical con^josition of conqpound of formula 

(Ig) to modify histone deacetylase activity, preferably HDACl and HDAC8 activity. 

In furflier embodhnents tiiere is disclosed tiie use of a pharmaceutical conqwsition of con5)ound of formula 

Qh) to modify histone deacetylase activity, preferably HDACl and HDAC8 activity. 

or a pharmaceutically acceptable salt thereof. 

In further embodiments, tiicre are disclosed pharmaceutical con^ositions conqjrising tiie compounds dis- 
closed herein. 

As used herein, tiie term unsubstituted means that tiiere is no substituent or tiiat the only substituenis are 
hydiogeiL 

The term "llalogen" represents chlorine, fluorine, bromine or iodine. The term "halo" r^resents fluoro, 
chloro, bromo and iodo. 

The term "Alkyr refers to a straight or branched Ci -Q alkyl unless otiierwise noted. Examples of suitable 
straight and branched Cj -Cg alkyl siibstituents include methyl, etiiyl, n-propyl, 2-propyl. n^utyl, sec-butyl, 
t-butyl, hexyl, and die like. When tiie alkyl is divalent it has been referred to as *'alkylene" in tiiis applica- 
tion. 

The term "Acyl" denotes a radical provided by tiie residue after removal of hydroxyl ftom an organic acid, 
exan^les of such radical being acetyl, benzoyl, phenylacetyl and phenoxyacetyL 

The term "Cycloalkyl" refers to a saturated or partiaUy saturated, monocycUc or fused or spiro polycycUc, 
carbocycle fiom C3 -C9 per ring, such as cyclopropyl, cyclobutyl, cyclopentyl, cydohexyl and tiie like, un- 
less otiierwise specified. When tiie cycloall^l is divalent it has be«i referred to as "cycloalkylene" in tiiis 
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The above discussion of alkyl and cycloalkyl substituents also applies to the allsyl portions of other sub- 
stituents. such as without limitation, alkoxy, aftyl amines, aDcyl ketones, arylalkyl, heteroaiylalkyl, alkyl- 
sulfonyl and aDcyl ester substituents and ike like. 

The term "Heterocycloall^l" refers to a 3 to 9 membered aliphatic rings, such as 4 to 7 membered aliphatic 
rings, containing from one to three heteroatoms selected from nitrogen, sulfur, oxygen. Examples of suit- 
able heterocycloalkyl substituents include pyrrolidyl, tetrahydroftiryl, tetrahydrothiofiiranyl, piperidyl, pip- 
erazyl, tetrahydropyranyl, moiphilino, 1,3-diazapane, 1,4-diazapane, 1,4-oxazepane, and 1,4-oxathiapane. 
When the heterocycloalkyl is divalent it has been referred to as "lieterocycloalkylene** in tfiis applicar 
tioa 

The temi 'Heteroalkyl" refers to a straight- or braxKched-chain alkyl group having from 2 to 12 atoms in the 
Cham, one or more of which is a heteroatom selected from S, O. and N, Exemplary heteroalkyls include 
alkyl ediers, secondary and tertiary alkyl amines, alkyl sulfides, and the like. When the heteroalkyl is diva- 
lent it has been referred to as *'heteroalkylene'» in this application. 

The term "Aryl" refers to a monocyclic, or fiised polycyclic, aromatic carbocycle (ring stmcture having 
ring atoms that are all carbon) having from 5 to 12 atoms per ring. Exan^les of aryl groups include phenyl, 
naphthyl, and the like. When the aryl ring is divalent it has been referred to as "arylene" in dus application. 
The tenn *'Heteroaryl" refers to a monocyclic, or fused polycyclic, aromatic heterocyde (ring structure 
having a 5 to 7 member aromatic ring containing one or more heteroatoms selected from N, O and S). 
Typical heteroaryl substitoents include fiiryl, diienyl, pyrrole, pyrazole, triazole, fliiazole, oxazole, pyridine, 
pyrimidine, isoxazolyl, pyrazmc, indole, benzimidazole, and the like. When the heteroaryl ring is divalent it 
has been referred to as "heteroarylene'* in this application. 

It is understood that included in die family of conQ)ounds of Formula I as well as in Formulae la-Ij are iso- 
meric forms including diastereoisomers, enantiomers, tautomers, and geometrical isomers in or "Z" 
configurational isomer or a mixture of E and Z isomers. It is also understood that some isomeric forms 
such as diastereomers, enantiomers, and geometrical isomers can be separated by physical and/or chemical 
mediods and by those skilled in die art 

Some of die inventive coiiq)ounds may exist as smgle stereoisomers; racemates, and/or mixtures of enan- 
tiomers and /or diastereomers. All such single stereoisomers, racemates and mixtures thereof are intended 
to be widiin the scope of die subject matter described and claimed. 

Additionally, Formula I is intended to cover, where applicable, solvated as well as unsolvated forms of the 
cpnq)ounds. Thus, each formula includes conqrounds having die indicated stmcture, including die hydrated 
as well as the nonrbydrated forms. 

In addition to con^unds of die Formula I, die HDAC inhibiting agents of die mvention mclude pharma- 
ceutically acceptable salts, prodrugs, and active metabolites of such compounds, and phannaceutically ac- 
cq)table salts of such metabolites. 

Phannaceutically acceptable salts include, when appropriate, phannaceutically acceptable base addition 
salts and acid addition salts, for exanq>le, metal salts, such as alkali and alkaline eardi metal salts, ammo- 
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nhim salts, organic amine addition salts, and amino acid addition salts, and sulfonate salts. Acid addition 
salts include inoiganic acid addition salts such as hydrochloride, sul&te and phosphate, and oiganic add 
addition salts such as alkyl sulfonate, aiylsulfonate, acetate, maleate, fumaiate, tartrate, citrate and lactate. 
Exan^les of metal salts are alkali metal salts, such as litiiiuzn salt, sodium salt and potassium salt, alkaline 
earth m^al salts such as magnesium salt and calcium salt, aluminum salt, and zinc salt £xanq>les of am- 
monium salts are ammonium salt and tetramethylanunonium salt £xanq)les of organic amine addition salts 
are salts widi morpboline and piperidine. £xanq>les of amino acid addition salts are salts with glycine, 
phenylalanine, glutamic acid and lysine. Sulfonate salts include mesylate, tosylate and benzene sulfonic 
acid salts. 

Preferred HDAC inhibiting agents include tiiose having an IC50 value of I uM or less. 

The hydroxamate conqiound, or salt thereof is suitable for preparing pharmaceutical compositions, es- 
pecially pharmaceutical compositions having deacetylase, especially histone deacetylase, inhibiting prop- 
erties. The present subject matter disclosed herein further includes pharmaceutical conq)ositions com- 
prising a pharmaceutically efifective amount of one or more of the above-described confounds as active 
ingredient. Pharmaceutical corrq)ositions according to the present disclosure are suitable for enteral, such as 
oral or rectal, and parenteral administration to mammals, including man, for the treatment of tumors, alone 
or in combination with one or more pharmaceutically acceptable carriers. 

The hydroxamate compoimd is useful in the manufacture of pharmaceutical conqiositions having an ef- 
fective amount the compound in conjunction or admixture with sxcipients or carriers suitable for either 
enteral or parenteral applicatioiL Preferred are tablets and gelatin capsules con^rising the active ingredient 
together with (a) diluents; (b) lubricants, (c) bmders (tablets); if desired, (d) disintegrants; and/or (e) ab- 
sorbents, colorants, flavors and sweeteners. Injectable compositions are preferably aqueous isotonic solu- 
tions or suspensions, and suppositories are advant^eously pr^ared from fatty emulsions or suspensions. 
The coitq)Ositions may be sterilized and/or contain adjuvants, such as preserving, stabilizing, wetting or 
onulsifying agents, solution promoters, salts for regulating the osmotic pressure and/or buffers. In addition, 
the compositions may also contain other therapeutically valuable substances. The compositions are pre- 
pared according to conventional mixing, granulating or coating metiiods, respectively, and contain prefera- 
bly about 1 to 50% of the active ingredient 

Suitable formulations also include formulations for parenteral administration include aqueous and non- 
aqueous sterile injection solutions which may contain antioxidants, buffers,* bacteriostats and solutes which 
render the formulation isotonic with the blood of the intended recipient; and aqueous and non-aqueous 
sterile suspensions which may include suspending agents and thickening agents. The formulations may be 
presented in unit-dose or multi-dose containers, for example, sealed anqiules and vials, and may be stored 
in a fireeze-dried (lyophilized) condition requiring only tiie addition of the sterile liquid carrier, for exan^le, 
water for injections, immediately print to use. Extemporaneous injection solutions and suspensions may be 
prepared from sterile powders, granules and tablets of die kind previously described. 
As discussed above, the con^unds of tiie embodiments disclosed are useful for treating proliferative 
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diseases-AproUferadvediseaseis^oayatumordiseaseCorca^^ 
tivecompoundsan.pardculBrlyuseMfortteatiBgatumor.dd* 

cancer. Bastr«intesdi«dca»cer.epidernu»^ 
Wasto«»,headand/orneckcancerorbladdercancer.ormal««^^ 
parfcular(Oab«asttu«or,ancpiderrnoidtunK.r.sucliasanepide^^^ 
Ztht«mar.al»ngtu.»r.forexa.,.leasn^cenornonWlceUlungtumor.^ 

for exaxuple.acoloxectnl tumor, oragemtouriuary tumor, for exan^^ 
mone-reftactory prostate tumor); or (u)aproliferativediseasethatisreft^ 
cKemothen.peudcs;or(iulatumorthatisreftactorytotrea^ 

tidiug resistance. u 
Inabroadcr sense of tbeembodimeots set outl»rein.apioUfc«idve*^^^^ 

pe^lifi^coxulidonsuchasleuk«mias.hyperp^ fibrosis (especially pulmonary, but also other 

^offibrosis.suchas renal fibrosis), angiogenesis, psoriasis. atb«^^^^^^ 

eiationinflieblood vessels, such as stenosis or restenosis foUowing angioplasty. 

mereatumor.at«mordisease.acarcinomaoracanceraremendoned.alsometas.a^ 

o^crtissueand/orinany other locadonareimpUedahernadvely^in^^^^ 

die tumor and/or metastasis, 

Tl^compoundis selectively toxic or more toxic torapidlypropife^ 

dc«I.rlyiah«mancanc«cells.e.g.. cancerous tumor8..hecompomdhass 

fectsandpromotesdifferendation.e.g..cellcyclearrestandapoptosis.Inad*^^^ 

poundinducesp21.cycliii<3)Kinteracdngprotein.whichi^ 

of cell lines. 

AdditionaUy confounds ofthe various embodiments disclosedhereinmay be useM 
degenerative diseases, and inflammatian. 

TTu^agentsofthevariousembodimentsmaybepreparedusingthereacdon™^^ 
descnbedbelow. employingthetechnicp.es available intheartusingstard^ 
available. Tbcpreparadonof particular embodiments isdescribedindetaa in 
dxeartisan^recognize that the chemicalre^^donsdescribedmaybe^^ 
ofotheragentsofthevariousembodiments. For example. Ibe syndesis of non^lifiedcompom^ 
^lybes^xessMlyperformedbymodificationsapparentto du.se sldUedinthe 
JLtingin,erferinggroups.bychanglngt»othersuitable^^^^ 

.^HUficationsofreacdonconditions. Altemadvely.o&er reactions disclosed herein or lou^wnm the art 
vdUberecognized as having appUcability for preparing odier compounds of the various emb«^ 
ReagentsuseMforsynd^esizing compounds may be obtainedorpfepan^ 

in the ait 
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in exa«Tles described below, unless otherwise indicated. aU ten,peratures in the following descnption 
areindegteesCelsiusandaUi«tsandperccntagesar«byweight.unlessindicatedoft^^ 
various suuling n»terials and oflier teagents weie purchased firom commercial suppUen, such as Aldnch 
Chemical Company or Lancaster Synthesis Ltd.. and used without forther purification, unless o^erw«e 
indicated. Tetrahydrofton (THF) and N. AT-dimethylformamide (DMF) were purchased from Aldnch m 
SurcSeal bottles and used as received. All soWents were purified by using standard medxods in die art. un- 
less otherwise indicated. TFA: trifluoroacctic acid. 

The reactions set forth below were performed under a positive pressure of nitrogen, argpn or wrth a drymg 
tube, at ambient temperature (unless otherwise stated), in anhydrous solvents, and d« reaction flasks are 
fitted with rubber septa for d« introduction of substrates ^ reagents via syringe. Glassware was eve.- 
driedand/orheat-dried. Analytical thhr^ayerchromatographywasperfonned on ^^^^^ 

F 254 plates (E Merck (0.25 mm)) and ehrted with the appropriate soWent ratios (v/v). n« reactions were 
assayedbyTLCandterminatedasjudgedbythe consumption of starting material. 

The TLC plates were visualized by UV absorption or with a p-anisaldehyde spray reagent or a pho^ho- 

n.olybdica«dreagent(AldrichChemical.2()wt%inethano^wMch^activ^ 

in iodine chamber. Work-ups were typically done by doubhng the reaction votame with the reaction sol- 

vent or extraction solvent and then washing with d» indicated aqueous ^^^^^ 

fl» extraction volume (unless odierwise mdicaled). Product solutions were dried over anhydrous sodium 

suffiitepriorto filtration. andevaponitionofthesolven.swasunderreducedpm^^ 

and noted as solvents removed in vacuo. Flash colmmi chromatography [StiU et al. J. Org. Ch^, 43. 

2923 (W8)] was conducted using E Merck-grade flash siUca gel (47-61 mm) and a silica gehcrude mate- 

rialTatioofabout20:l to 50:1. unless otiierwise stated. Hydrogenolysiss was done at the pressure indicated 

or at ambient pressure, ^ 
•HNMRspec.rawererecordedanaBrd.erAV400instr«mentaperatingat400^ Cl^spec- 

trawerereconledoperatingatlOOMHz. NMR spectra are obtamed as CDCl, sohitions (reported m ppm) 
nsmg ddomform as ti,e reference standard (7-26 ppm and 77.00 ppm) or CD3OD (3.4 and 4.8 ppm and 
49 3 ppm). or an imemal tetramethyUilane standard (0.00 ppm) when appropriate. Other NMR sohrents 
were used as needed. When peak multiplicities are reported, the foUowing abbreviations are used: s - sm- 
glet. d = doublet, t = triplet, m = multiplet. br = broadened, dd = doublet of doublets, dt = doublet of trip- 
lets, tt= triplet of triplets. Couplmgconstants,whengiven.areieport8dinHerte. 
Mass spectra wereobtah^dusingLCMSeitherinESl or APCL All melting points are uncorrected. 
AUfinalproductshadsre.terthan90%purily(byHPi:Catwavetengtiisof220mnand254mn). 
The Mowhig examples are intended to iUustrate the embodiments disclosed and are not to be constmed as 
being limitations thereto. Additional compomuis. other than fliose described below, may be prepared usmg 
the following described reaction scheme or appropriate variations or modifications th^ 
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Scheme 



SYNTHESIS 

1 mustrates the procedure used for preparing coBjpoimds of fonmria ^ 



M 



R2 



\ 
I 



fl— OH 



Scheme 1. 

H2N — cs>-\ 

2a 



H 




2b 



Formula (I) 

r2x (3a) 

■ 

R2iCHO(3b) 

N — 



H! 

R2 




2 



6' N (4) 



EtgN. DMAP. DCM 



R2 

(6) 



EtaN, DMAP, DCM 
.0 



Q Q 



R2 (7) 




NHaOHHa, NaOMe/MeOH 



H / W 
R2 

(8) 



HN-OH 



O Q 



R2 (9) " 



Ris equal to-B-A-Z-L- as defined for fonnula I; 
is groiq> R' less one CHx. 
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The intennediate (2) could be prepared tbrough by alkylation of amine (2a) with R^X (3a, X is halo, e.g., F, 
Br, Q" or a good leaving group) or by reductive amination of aldehyde (2b) with amine R^'NHz (3b). 
Amine (2a) reacts with sulfoaylisocyanate (4) to give sulfonylurea (6) which is converted to hydroxamic 
acid (8) by amination of the ester with hydroxylamine. 
Scheme 2. 



^v/^J P UOHorKOH 8 9 

GT H H O-R^^ H / ^ bH 




(8) 

Other methods such as hydrolysis of &e ester (6) to an acid, then (a): converting it to acid chloride by 
treating it widi ClCOCOCl, or SOCI2, or other methods under neutral conditions (PhaP with CBr4, or 2,4,6- 
Trichloro-[l,3,5]triazine); or active ester by reacting it with isobutyl chloroformate; dien reacting the acid 
chloride or active ester with hydroxylamine or die 0-protected hydroxylamine (e-g., O- 
benzylhydroxylamie, 0'(2,4-Dimetiioxy-benzyl>-hydroxylamine> 0^-Bis-(2,4-dimethoxy-benzyl)- 
hydroj^lamine, ^<retxahydR>-pyran-2-yl)-hydro3^1amuie, 0-(/&r^Butyl-dmiethyI-silyl>'hydroxylaffl2tte) 
to give tiie hydroxamic acid or the O-protected hydroxamic acids which need to remove the protecting 
g]Coq> under ib& conditions known in the literatures or publication such as hydrogenolysis (to remove the 
benzyl) or acidic condition to cleave the acid labile protecting groups, (b) Onipling the acid with hydrox- 
ylamine or O-protected hydroxylamine with a coupling reagent 

Scheme 3. Due to acidity of the sulfonylurea (6), the group could be introduced by alkylation of 6 with 
pC » r, Br or CF). or by reacting with R^OH under hfitsunobu reaction condition. The product (6b) 
could be conv^ed to the hydroxainic acid (8b) by using tbe similar condition as for (8) in Sd^ 1 and 2. 
Scheme 3« 
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(6) 



R3X 



orl^OH.Ph3P,DEAD 



R3 



(6b) 



NH2OHHCI. 
NaOMe/MeOH 




(8b) 



Scheme 1. By using die similar synthetic route, amine (2a) reacts wife acylisocyanate (5) to give acyhirea 
(7) MAdoh is converted to hydroxamic acid (9) by amination of Ae ester wife hydroxylamine. 
Scheme 4. Similar methods are also applicable to acyhirea (9) by using O-protected hydroxylamine. 



9 0 



UOHorKOH 



(7) 



^ ° O 

n'""n-Cr>-^ 

H / OH 
(7a) 



coupling reagent, NHe-OR^^ 
or converting to add 
chloride, then NHrOR^^ 



Q 0 



<r H / HM 
(9a) 



1. converting to add chloride 
ZNH^H 



HN-O^ 



removal of 
protecting group 



r« 



H / HI 
R2 

(9) 



r 

HN-OH 



Scheme 5. Alternative methods for synthesis of sulfonylurea and acylurea: using 0-protected lq«ta>xamate 
starting material amine (2c) or aldehyde (2d) to make the O-protected hydroxamatc mtermediate (2P) 
which>is converted to the cdrrespondmg sulfonylutea (8a) and acylurea (9a). Afier removal the protecting 
ffoap, sulfcH^lnrea (8) and ac^urea (9) could be obtained. 
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\ 




R2X (3a) 



2g X R2^CHO(3b) 



R^^NHz (3c) 




2d 



H / 
R2 



O N (4) 

EtaN, DMAP, DCM 



hn-or« 



G-^N"^ (5) 
EtsN. DMAP. DCM 



O O 



(8a) 



I N 
R2 (9a) " 



deprotectioh of R^^ 




H / HN-OH 
R2 

(8) 

He following pcepaiation and exajiq;>Ies a» given to enable those skilled in die art to more cleaily under- 
stand and to jnactice die subject matter heKo£ They should not be considered as limitinig die scope of die 
invention, but merely as being Ohistrative and zeprescnlative tfaereo£ 

INTERMEDIATE! 
Prqmation of 6-[3-(BaDzenesulfonyl)ureido]-hexanoic acid metiqd ester 



o o 




To a mbcture of 6-Ammo-hexanoic acid methyl ester hydrochloride (0. 10 g, 0.5 nunol), triethylamine (0.12 
g, \2 nunol, 0.17 mL) and DMAP (0.06 & 0.05 mmol) in die presence of CHzQi (5 mL) was added phenyl 
sulfonyl isocyanate (0.12 g, 0.6 mmol). The reaction mxsture was stirred at room temperature for 4 days. 
The reaction mixture was diluted widi water (10 mL) and extracted with CHiClz (3 x 10 mL). The oomr 
bined oiganic extracts were dried over MgS04, filtered and die solvent was removed in vacuo. The oude 
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residue was chromatographed (siUca) with 1-10% McOH in CH^x to give 6-13- 
(Bcnzenesulfonyl)ureido]-hexaiioic add methyl ester (0.1 g. 0.3 mmol. 58%) as a colorless oil which so- 
lidified on standing. 

•h NMR (CDQ,) 5 7 J>5-7.89 (2H. m. aromatic protons). 7.66-7.53 (3H, m. aromatic protons). 3.67 (3H. s. 
OT,),3.22(2H.q.J=6.9Hz.iraCff:CH^.2.29(2H.t.J=7.4Hz.Cffia)OMe).1.62(2H.q^y = 7.4 

Hz), 1.50 (2 H, qp, J=7.4 Hz) and 131-1.27 (2H. m). 

INTERMEDIATE 2 
Preparation of 4-[3Htoluene.4-sulfonyl)ureidomethyl-beiizoic acid mefliyl ester 




Proceeding as described in Intermediate 1 above butnsing appropriate starting materials. Yield: 67%. im 
yellow solid. LC-MS QeSJ, positive mode) ta/z 363 ([M+HD- 

'HN^m(DMS(W,)610.78(bs.lH).7.85(d,2H,J=8.2Hz).7.78(d.2H./-8.2Hz).7.40(d.2H.y= 
8.0 Hz), 7.23 (d, 2H, J= 8.1 Hz). 4.22 (d, 2H,y= 5.9 Hz). 3.84 (s. 3H). 2.40 (s. 3H), 

INTEKMEDIATE3 
Picinration of 6<3-Benzoyl-ureido)-hexanoic acid mefliyl ester 

I 




0^ " " O 
To a mixture of 6-Amino-hexanoic acid methyl ester hydrochloride (0. 05 g. 0.27 mmol). trietiiylamine 
(0.069 g, 0.6 mmol. 0.096 mL) and DMAP (0.03 g. .0.027 mmol) in the presence of CHiQ, (2 mL) was 
added benzoyl isocyanate (0.048 g. 0.3 mmol). The reaction mixture was stirred at room temperature for 4 
days. The reaction mixture was dihited wiBi water (10 mL) and extracted with CH^a (3 x 10 mL). The 
comWned organic extracts were dried over MgSO*. filtered and the soh«ait was removed in vacuo. The 
crude residue was chromatographed with I - 10% MeOH in Ca^a^ to give (K3.Benzoyl-ureido)4.exanoic 
acid methyl ester (0.087 g. 0.2 mmol. quantitative yield) as a colorless oQ which soUdified on standing. 
«H NMR (CDQ,) 8 8.66 (2 H. bs), 7.89-7.87 (2H, m, aromatic protons). 7.62-7.48 (3 H. m. aromatic pro- 
tons). 3.67 (3 H. s. OCtf.). 3.39 (2 H. q. J = 7.0 Hz. NHCftCH,). 233 (2H. t, 7 = 7.4 Hz. C//^Me). 
1.70-1.60 (4 H. trO and 1.45-1.40 (2 H, m). 
Large scale 

To a mixture of 6-Amino4uBcanoic acid methyl ester hydrochloride (0.363 g. 2.00 mmol). triethyUmme 
(0J58 mL. 4.00 mmoO and DMAP (0.024 g, 0.20 mmol) in the presence of CH^Qi (10 mL) was added 
benzoyl isocyanate (0.276 mL. 2 JO mmol). The reaction mixture was stirred at room temperature for 6 h. 
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I 



The reaction mixture was added hrme and extracted with 10% me&anol in dichloromethane. The extract 
was dried and concentrated and purified by reverse-i>hase HPLC to give 6-{3-Ben2oyl-ureido)-hexanoic 
acid methyl ester (0.4S9 g, 79%). 

INTERMEDIATE 4 
Prepamtion of 6-(3-Bens^yl-ureido)-hexanoic acid 



To a solution of 6-(3-Benzoyl-iircido)-hexanoic acid methyl ester (0.043 g, 0.14 mmol) in dry MeOH (2 
mL) was added NH2OH.HCI (0.015 g. 0.2 mmol) followed by NaOMe (0,08 mL, 5.38M, 0.4 mmol). The 
reaction mixture was stirred at room temperature under nitrogen for 2 hours. The formation of tiie hydrox- 
amic acid was followed by LCMS. Upon consumption of the starting material, the reaction mixture was 
diluted with acetonitrile and the solvent was removed in vacuo. The crude residue was purified by mass 
induced HTP. No hydroxamic acid was obtained but the corresponding 6-(3-Benzoyl-nreido)-hcxanoic 
acid was obtained as a white fluf^ solid. 

*HNMR (DMSO-d«) & 10.6 (I H, s), 8.60 (IH, bs), 7.92-7.90 {2H, m, aromatic protons), 7.58-7.55 (IH, 
m, aromatic protons), 7.47-7.43 (2H, m, aromatic protons), 3.20-3,15 (2 H, m, NHC/^iCHa), 2.16 (2 H, t, J 
= 7.3 Hz, CftCX)OMe), 1.52-1.42 (4 H, m) and 1.30-1.24 (2H, m). 

INTERMEDIATE 5 
Preparation of 4-(3-Benzoyl-ureidomethyl)-benzoic acid methyl ester 



To a solution of 4-Aminomethyl-benzoic acid methyl ester hydrochloride (0.120 g, 0.60 mmol), triethyla- 
mine (0.125 mL, 0.90 mmol) and DMAP (0.006 g, 0.06 mmol) in CH2CI2 (2 mL) was added benzoyl iso- 
cyanate (0.075 mL, 0.60 mmol). The reaction mixture was stirred at room ten:5>erature for 21 h and was 
extracted with ethyl acetate plus small amount of methanol. The extract was dried (MgS04) and concen- 
trated. The residue was pmified by preparative reverse-phase HPLC. 4-(3-Ben2oyl-ureidometiiyl)-benzoic 
acid mediyl ester was obtained as vi^te solid (0.0486 g, 30%). 
HPLC purity at 254nm: 95%; 
LC-MS (ESI, positive mode) m/z 313 ([M+Hf); 

*H NMR (DMSO-rffi) 8 9.12 (IH, t, J = 5.4 Hz), 8.68 (IH, s), 8.04 (2H, dt, J = 8.4, 1.8 Hz), 7.89 (2H, dt, J 
« 8Ji, 1.6 Hz), 7.62 (IH, tt, J = 7.4, 1.8 Hz), 7.50 (2H, t, J = 8.0 Hz), 7.44 (2H, d. J = 8.4 Hz), 4.64 (2H. d, J 
= 6.0Hz),3.93(3H,s). 





O 



O 



INTERMEDIATE 6 
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Preparation of 3-(4-{3-Bei]Zoyl-H2-(lH-indo]-3-yl>e%l]^iuddoiiie%l}-^^^ acid methyl 

ester 

O 




1CH3 



To a solution of 3-(4-{[2-(lH-Indol-3-yl)-e1iiylaimno]-methyl}-plienyl)-acrylic acid mediyl ester (0.100 g, 
0.300 mmol), trietiiylamine (0.063 mL, 0,45 mmol) and DMAP (0.004 g, 0.03 mmol) in CH2CI2 (3 mL) 
was added benzoyl isocyanate (90% pure, 0.04S mL, 036 mmol). The reaction mixture was stirred at room 
temperature for 22 h and was extracted wilh e%L acetate. The extract was dried (MgS04) and concen- 
trated. The residue was purified by HIT. 3K4-{3-Benzoyi-142-(lH-indol-3-yl)-ethyl]-ureidomettiyl}- 
phenyl>4ictylic acid methyl ester was obtained as pale yellow solid (0.072 g, 50%). 
LC-MS (ESI, positive mode) m^ 482 ((M+HJ^; 

'H NMR (JMSO'de) 5 10.73 (IH, s), 10.21 (IH. s), 7.75 (2H. d, J « 7.4 Hz), 7.66 (2H, d, J = 8,2 Hz), 7,59 
(lh,d, J = 16.1 Hz), 7.53 (IH. t, J - 7.4 Hz), 7.43 (2H, t, J = 7.6 Hz), 7.36 (2H, broad d like), 7.29 (IH, m), 
7.23 (IH, d, J = 8.1 Hz), 7.02 (IH, bs like), 6.94 (IH, t, J = 7.4 Hz), 6.58 (IH, d, J = 16.1 Hz), 4,61 (2H, s), 
3.44 (2H, m), 2.89 (2H, m). 

INTERMEDIATE 7 

Preparation of 8-Amino-octanoic add methyl ester hydrochloride 



Cr H3I 




To a 100 mL round*bottonied flask, S-Amino-octanoic acid (2.116 g, 13.29 mmol) and medianol (50 mL) 
were added. The mixture was stirred and cooled in a dry-ice /acetone bath under nitrogen. SOCI2 (1.5 mU 
20.7 mmol) was added via syringe, tiien the dry-ice bath was removed and the mixture was stined at room 
temperature for 2.5 h. The solution was evaporated and the residue was added diethyl ether. The solid was 
filtered and dried under vacumn. 8-Anmo-octanoic acid methyl ester hydrochloride was obtained as white 
soUd (2.772 g, 99,8%). 

LC-MS (ESI, positive mode) m/z 376 ([M-Q]^. 

*HNMR (DmO-di)58.24(3H,s,NH3%3.67(3H,s,OCH3),3.00(2H,mX230(2H.tJ«7.5H2), 1.78 
(2H, penta. J = 73 Hz), 1.61 (2H, penta, J = 7.2 Hz). 1.41 (2H. m), 139-132 (41^ m); "C HMR (DMSO- 
dd 6 174.1. 51.4, 39.9. 33.9, 28.6. 27.5, 263, 24.7. 
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INTERMEDIATES 
Piepaiation of 8-p-(4-methyIbenzenesulfoiiyl)nreidoloctanoic acid methyl ester 

TO amixtuie of 8-Anuno^ctanoic acid methyl ester hydrochloride (0.601 g. 2.865 mmol). trietbylamme 
(1 0 «L. 7.18 mmol) and DMAP (0.0313 g. 0.256 mmol) in CH.CU (20 mL) ^vas added ..toluene sdfo- 
aylisocyanate(0.63mL.4.12mmol). The reaction mixture was stirred at room temperature fcr IWh. Tl» 
reaction mixture was diluted with IN HQ and extracted with CH^z (100 mL xl. 50 mL x 2). The com. 
bined organic extracts were dried over MgSO..ffltered and the solvent was removed in ua«^^ TI« «^ 

^idne was chromatogmphed (silica) with 2-10%. MeOH in CH^lz to give 8-[3-(4. 
n«aiylben2«nesulfonyl)ureidoloctanoic acid methyl ester (0.730 g. 69%) as a white sohd. 
LC^S (ESI, poative mode) mfe 371 ((M+IQ*)- 

•H NMR (CDCW 6 8.80 (IH. bs). 7.78 (2H. d. J = 8.3 Hz). 7.31 (2H, d. J = 8.1 Hz), 6.52 (IH, t. J = 5.2 
Hz).3.«(3H,s.OCH,), 3.19 (2H,q.J = 6.6Hz). 2.44 (3H.s,Ar^H,). 2.30 (2aU = 7.5 HZ), 1.63-.138 

(2H. m). 1.48-1.42 (2H. m). 1.31-1.22 (6H. m); "C NMR (DMSO-*) 6 174.3. 151A 144.6. 136.8. 129.6. 
127.0, 51.5, 40.2.34.0, 29.4, 28.9, 28.8, 26.6, 24.8, 21.6 



1NTEBMEDIATE9 
Preparationof8^3-methyl-3<4-methylben2enesulfonyl)ureido]oct^^ 



To a mixture of 8-I3<4-methylbenzenesulfi,nyl)ureidoloctanoic acid methyl ester (0.161 g. 0.435 mmol), 
K,00, (0.572 g. 4.14 mmol) «ri acetonitrile (4 mL) w«, added Mel (0.270 mL. 435 mmol). The reaction 
^^stirredatroomtemperatureundermtrogenfornh. Thereactionmixture was diluted with IN 
HQ and extracted with ethyl acetate (Na.S.03 was added to the aqueous layer to reduce the I^. The com- 
Wncd organic extracts were dried over MgSO.. filtered and the solvent was removed in vacuo. H NMR of 
flie crude residue (0.166 g) showed that the molar ratio of 8-[3K4-methyIbenzenesulfonyl)ureido]oc.anorc 
acid methyl ester to degraded pmduct4.N/^Trimethyl-ben2eBesul&namide was 3:1. 

LC-MS (ESI, positive mode) m/z 385 ([M+H]*)- 

'HNMR(CDa,)87.70(2H.d.J-8.3Hz).734(2H.d.J.8JHz).3.66(3H,8.OCH,).3.24(2H.q,J = 
5.7Hz).3.12(3H.s.NCH,).2.43.(3H.s. Ar.CH3).231 (2H. U = 7.5 Hz). 1.65-1.60 (2H. m), 1.554.51 
(2H, m), (6H. m). 

n^TERMEDIATE 10 
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Piepaiation of 8-(3-Benzoyl-ureido)-octaiioic acid methyl ester 




o 



TO a solution of S-Axnino^ctanoic acid methyl ester hydrochloride (0.423 g. 2.02 n«nol). triethylamme 
(0 56 rnL. 4.02 mn.ol) and DMAP (0.022 g. 0.18 — ) in CH.CU (10 mL) was added beuzoyl hocj^te 
(90% pure. 0.370 g. 2.26 mmol). Itc reaction nnxture was stined at room temperature for 2 h and was 
added siyca gel and filtered through silica and washed with ethyl acetate. ^ 
d.y««s to give colorless oa(0.691 g, 106%).^wassoHdified at roomtempen^ 

. LC-MS iCESI, positive mode) miz 321 ([M+H]*). 

.HNMR(CDa)51O.52(lH.sX8.92(lH.U = 5.6Hz).8.09(2H.d.I = 7.2Hz,7.56(l^^^^^^^^ 
(2H. U - 7.7 Hz). 3.64 (3H. s. OCH3). 3.35 {2H. J = 6.0 Hz). 2.29 (2H. U = 7.5 Hz). 1.63-1.56 (4H. 
„). 1.39-1.32 (6H. m); »C NMR (CDQ^ 8 173.6. 168.1. 154.6, 132.3. 132.0. 128.0. 127.7. 50.9. 39.3. 
333.29.0,28.5.28.4,26.3,24.3. 

INTERMEDIATE 11 
Paction of 7-Aimno.heptanoic add methyl ester hydrochloride 

P„K«edi^ as'^lribed in Intermediated above but using appropriate starting materials (7-Amino- 
heplanoic acid), the titled compound was prepared as white soUd (0.490 g. 100%). 

INTERMEDIATE 12 

Preparation of 7-(3-Benzoyl-areido>heptanoic acid methapl ester 




Proceeding as described in Intermediate 10 above but using appropriate starting materials a-Ammo. 
heptanoic acid methyl ester hydrochloride), the crude titled compound was obtained as oil which was so- 
Udified under vacuumandcouldbeused for next step of reaction without furlherinm^^ 

IX:.MS (ESI, positive mode) in/z 307 (|M+HI*). 

•H NMR (CDCW 5 1030 (IH. s). 8S0 (IH. U ■= 5.4 Hz). 8.05 (2H, d, J = 7.5 Hz). 7.57 (IH. ^ J = 7^ 
HZ), 7.47 (2H. d. J . 7.6 Hz). 3.65 pH, s. OCH^ 335 (2H. q. J = 6.6 Hz), 230 (2H. t, I = 7.5 Hz). 1.6^ 
1.56 (4H. m), 1.45-135 (4H, m); »C NMR (CDQ,) 5 173.6, 168.1, 154.5, 132.4, 132.0. 128.1, 127.6. 
51.0, 393, 33.5. 28.9, 28.3, 26.1. 243. 

INTERMEDIATE 13 
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P«pmtionofasaltof6<3-Phenyl-piopylanrinoHexanoicaddn^^^ 




ToalOOM,flasI,(^Andno-hc«noicacidn.1hyl ester hy^^^^^^ 

(0.782 g. 3..(i9 tmnol). 3-Pheayl-propionaldebyde (0.47 n^. 3.21 nunol). dichloron^thane (10 n^d 

triefl^ylan^ne (043 .0, 3.09 n^ol) wen. added, m above nuxture v«s so^^^ 

„om .n^rature overnight ^ reacdoo rnixture was added aqueous Na^CO, w.th d.^ 

„n>e«>ane (x 2). Tbe extract was dried ami purified by reverse^e preparative HPLC to gnrc the Utled 

compound as an oU (0.202 g, 30% calpulated as a saU of 2TFA). 

LO-MS ^I, positive mode) mte 264 ((M+Hl*). 

•HNMR(CDa,)511.82(lH.s).8.62(2H.s..l«^).7.26(2H,t.J = 7.3Hz).7.18(l^^^^^^^ 

7 U (2H. d. J- 7.0Hz). 3.64 (3H, s. OCH3). 2.94 and 2.92 (each of 2H. overlapped, identfiedby CO^ 
2d3(2Ht.J = 7.5Hz).2.26(2H.U = 7.3Hz).2.00(2H.penta.J = 7.6Hz),1.65(2H.penta.J=7.5Hz). 

1.55 (21^ penta. J = 7.7 Hz). 1.33 (2H. m); »C NMR (CDCI3) 5 173.6. 139.2. 128.2. 127.7. 126.0. 51.1. 
47.3. 47.1. 32.9. 32.0. 26.9. 25.2. 25.0. 23.4. 

INTERMEDIATE 14 
Piepan.tionof6.[3-Benzoyl-l-(3-phenyl^«opy0-««ido]-he^ 
o o 

.A. 




Proceeding as described in Intermediate 10 above but using appropriate starting mterials (a salt of 6-(3- 
Phenyl-propylaminoVhexanoic acid n«fl.yl ester with 2 TFA). tbe crude titled con,,ound was punfied by 
^erse-phase pr^e HPLC and flash chron^tography (siUca. 50/0 Methanol in dichloron^thane) to 

give ti» pure conq)omid as gum (0.063 g, 43%). 
LC-MS (ESI, positive mode) m/z 41 1 ([M+Hf). 

.HNMR(CDCl3)88.0(lH.bs,7.78(2H.bs,7.54(lH,U-7.4Hz,7.43 (21^.1^^^^^ 

(2H. d, J = 7.2 HZ). 7.18.7.13 (3H. m). 3.65 (3H. s). 3.36 [4H. xn or 338 (2H. m) and 
(2HU = 7.4 HZ). 2.30(2H.t.,^7.4Hz). 1.96 (2H.penta.I = 7.4 HZ). 1.66-1.56(4^^ 

»C NMR (CDQ,) 5 173.5. 165.8 (br). 153.4 (br). 140.7 (br). 132.7. 132.1. 128.1. 128.0. 127.9, 1273. 
125.6. 51.0^ 46.9 (br, 2 x CH^N). 33.4. 32.4. 28.9. 27.1 (br). 25.8. 24.1. 



EXAMPLE 1 
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Frepaiation of ^3-( tolueae-4-sulfony]}ureido]4iexanoic acid hydroxyainide 

O 

■r 




To a solution of 6-[3-<toluene-4-sulfonyl)ureido]-hexanoic acid mediyl ester (0.035 g, 0.1 namol) in diy 
MeOH (2 mL) was added NHaOH,HCl (0.021 g, 0.3 xmnol) foUowed by NaOMe (O.ll ml^ 538M, 0.6 
sunoi). Tiw reaction inixtuie was stinied at room teo^eratuie under m The formation of 

the hydroxamic acid was followed by LCMS. Upon coosiusption of the starting material, tlie reaction 
mixture was diluted with acetonilrile and the solvent was removed in vacuo. The crude residue was puri- 
fied by mass induced HPLC purification system to give 6-[3-(toluene-4-sulfonyl)ureido]-hexanoic acid 
hydiDxyamide as a pale yellow/whitish solid. 

NMR (DMSCWfi) 6 10.37 (IH, bs), 10.13 (IH, s). 8.46 (I H, s), 7.60 (2H, d. ^ = 8.3 Hz, aromatic CH), 
7.23 (2H, d, y = 8.0 Hz, CH), 6.27 (IH, t. J = 5.2 Hz), 2.92 (2H, q, J = 6.1 Hz), 239 (3H.s), 1.89 (2H. t, J « 
7.5 Hz), 1.43 (2H, pento. J = 7.5 Hz), Ul (2H, pwila. J «7.4 Hz), 1,17-1.09 (2H, m). 



EXAMPLE 2 

Preparation of A^Hydroxy-{3-[4-[3-(toluene-4-sulfonyl)ureido]-pi^^ 

O 



OH 



Yield: 5% from the corresponding methyl ester. White solid. HPLC purity at 254nm: 93%; 
LC-MS (ESI, positive mode) m/z 376 ([M+Hf). 

I 

EXAMPLES 

Prq»rationofN-Hydroxy-3-{3-t3<4-metiiylbeiizenesulfonyl)ureidol-p^ 



Prepaied &om tiie correspondii^ methyl ester. Yield: 64%. White solid. HPLC purity at 254nm: 95%; 
LC-MS (ESI, positive mode) m/z 376 ([M+H]^; 

'HNMR (DMSO-dk) 5 7.70 (d, 2H, J= 6.0 Hz), 736 (d, 2H, 7 « 8.1 Hz), 730 (d, IH, J= 15.8 Hz), 7.25 
(s, IH), 7.1 1 (t, IH, J = 7.7 Hz), 6.80 (d, IH, J = 82 Hz), 6.68 (d. IH. J = 7.6 Hz), 6.33 (d, IH, •/ « 15.8 
Hz),237(s,3H,-CH3). 

EXAMPLE 4 
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Piepaiation of 4-[3<toluene-4-sulfonyl)itfeidonietlQdrA^hydioxy-be 

O 




O H H H I H 
O o 



Prepared from tiie corresponding me%l ester Yield: 58%. Wlute solid. HPLC purity at 254nm: 100%; 
LC-MS (ESI, positive mode) m/z 364 ([M+H]^; 

'H NMR (DMSO-rfs) 5 I L 14 (s, IH), 10.74 (s, IH), 8.98 (d, IH, 1.7 Hz), 7.79 (d, 2H, J - 8.3), 7.65 (d, 
2H. y = 8.3 Hz). 7,41 (d, 2H, J= 8.0 Hz), 7.18 (d, 2H, 7 = 8.2 Hz), 7.05 (t, IH, / = 5.8 Hz), 4.19 (d, 2H, 7= 
5.9). 2.47 {s,3H). 

EXAMPLES 

Preparation of methyl-iV-hydroxy-benzamide //-Hydro:qr-2-{4-[3<toluene-4-sulfonyl)ureido]-phenyl}- 
acetamide 

OH 

Piepaied from the corresponding methyl ester. Yield: 99%. White solid. HPLC purity at 254nin: 99%. 
LC-MS (ESI, positive mode) m/z 364 ((M+H]^; 

'H NMR (DMSO-Jfi) 5 10.47 (s, IH), 8.64 (s, IH), 7.73 (d, 2H, 7 = 8.2 Hz), 7.32 (d, 2H, J= 8.1 Hz), 7.13 
(d, 2H, J - 8 J Hz). 7.02 (d, 2H, J = 8.3 Hz), 3.08 (s, 2H), 2.29 (s, 2H); NMR (DMS0-4s) 8 167.0, 
149.2, 141.9, 137.1, 130.8, 129.4, 129.2, 127.4, 125.6, 118.8,38.6,21.0. 



EXAMPLE 6 

Pkepaiation of 4-(3-Beiizoyl-iireidomediyl)-A(-hydroxy-benzamide 

O 




O O 



To a solution of 4^3-Benzoyl-ureidometliyO-baizoic acid mediyl ester (0.030 g, 0.096 mmol) in dry 
MeOH (0 J mL) was added NHjORHQ (0.020 g, 0.288 mmol) foUowed by 30% NaOMe solution (5.38 
M, 0.106 mL, 0.576 mmol). The reaction mixture was stirred at room temperature under nitrogen for 22 
hours then quenched by addition of concentrated hydrochloric acid. The mixture was subjected to prepara- 
tive HPLC for purification. A white solid obtained (0.035 g, puri^ 64%) which was re-purified by prepara- 
tive HPLC to give 4-(3-Benzoyl-ureidomethyl)-Mhydn>xy-benzamide (yield 47%). 
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HPLC purity at 2S4iiai: 99.7%, (r = 4.55 min. 
LC-MS (JESl, positive mode) m/z 314 ([M+HJ*); 

'H NMR (DMSO-ds) 8 11.11 (s, IH). 10.71 (s, IH), 9.04-9.07 (tr, IH. J = 6.0 Hz), 8.92 (br s. IH), 7.89- 
7.91 (d, 2H, y = 8.4 Hz). 7.65-7.67 (d, 2H, 7= 8.3 Hz), 7.54-7.58 (m, IH), 7.42-7.48 (m. 2H), 7.32-7.34 (d, 
2H,y= 8J Hz), 4.42-4.43 (d, 2H, J= 6.0 Hz), 2.47 (s, 3H); "C NMR CDMSCM*) 5 167.5, 153.0, 141.8, 
132.0, 131.8. 130.7, 128.4, 127.8, 127.7, 127.4, 126.3.41.8. 




EXAMPI£7 

Prqniation of 2-[3-(3-BeiizoyI-uieido)-iiIienyIIrAr-hytoxy-acetaimde 

Prepared from the corresponding methyl ester. Yield: 7%. White solid. HPLC purity at 254nm: 99%; 
LC-MS (ESI, positive mode) m/z 3 14 ([M+H]^; 

•HNMRpMSO-Jfi) S 11.02 (s, IH), 10.84 (s, IH), 10.66 (s, IH), 8.83 (s, IH), 8.02 (d, 2H, J= 8.5 Hz), 
7.65 (m, IH), 7,53-7.57 (m, 2H). 7.50 (dd, IH, 8.1 Hz), 7.44 (s. IH). 7.27-7.30 (t, IH, J«7.8 Hz), 7.01 
(d, lH,y« 7.8 Hz), 3.29 (s, 2H). 

EXAMPLES 

Piepaiation of 2-[4-(3-Beiizoyl-ureido)-phenyll^-hydroxy-8cetamide 

Piqiaied fiom the conespondiDg mefliyl ester. Yiel± 2%. White solid HPLC parity at 254mn: 98%; 
LC-MS (ESI, positive mode) m/z 3 14 ([M+H]^. 



EXAMPLE 9 

Piepaiation of 6-(3-Benzoyl-iireido)-hexanoic acid hydroxyanude 




To a sohition of 6-(3-Benzoyl-i2reido>hexanoic acid (0.0033 g, 0.01 mmol) in DMF (1 mL) was added Py- 
BOP (0.07 g, 0.013 mmol) and Hmiig's base (0.013 mL, 0.07 mmoO- The reaction mixture was stirred for 
5 ndnutes and the NHiOHJiCl (0.02 g, 0.02 mmol) was added. The reaction mixture was stirred overnight 
at room tenqserature under nitrogen. The crude reaction mixture was purified by mass induced HPLC to 
give 6^3-Benzoyl-ureido)-hexanoic acid hydioxyamide as an off white solid 
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EXAMPLE 10 

Piepaiation of 6^3-Beiizoyl-ureido)*hexanoic acid hydroxyaxnide 




To a solutioii of 6-(3-B^izoyl-iiieido)-hexaiioic acid mediyl ester (0.300 & 1.03 mtnol) in dry MeOH (2.0 
mL) was added NH2OHHCI (0.555 g, 8.00 mmol) followed by 30% NaOMe in MeOH (2.23 mL, 5.38M, 
12.0 mmol). The reaction mixture was stirred at room teii^Jerature under nitrogen for 1 h then was added 
trifluoroacetic acid (0.3 mL) in an ice-bath. The solution was extracted with 10% MeOH in dichlo- 
romethane. The extract was dried and concentrated. The residue was purified by reverse-phase preparative 
HPLC to give 6-(3-Benzoyl-ureido)-hexanoic acid hydroxyamide (0«175 g, 59%) as white solid. 
LC-MS (ESI, positive mode) mfe 293 ([M+Hj*); 
HPLC purity at 254 mn: 99.7%* tR « 5.15 min. 

'H NMR (DMSO-Je) 5 10.63 (IH, s), 10.34 (IH, s), 8.70-8.60 (IH, bs), 8.65 (IH. t, J 5.7 Hz, 
CONHCH2), 7.95 (2H, dt, J « 7.2, 1.6 Hz), 7.62 (IH, tt, J = 7.4, 1 .2 Hz), 7J50 (2H, ^ J - 7.9 Hz), 3.22 (2H, 
q, J = 6.6 Hz, CH2>0. 1-^6 (2H. t, J = 7.4 Hz, CH2CO), 1.56-1.46 (4H, m), .130-1.24 (2H, m); '^C NMR 
(DMS0-J6) 5 169.1 (CONHOH), 168.2 (PhCO), 153.4 (NHCONH). 132.7 (CH). 132.6 (Cq), 128.4 (CHx 
2X 128.0 (CH X 2), 38.9 (CH2N), 32,2 (CHjCO), 28.9, 25.9, 24.8. 



EXAMPLE 11 

Prq)arationof3-(4.{3-Bcnzoyi-l-[2-(lH-indol-3-yO-ettiyq-urddonaethyl}-^^ 




To a solution of 3-(4-{3-Ben2oyl-l-[2-<lH-nidol-3-yl)-ethyIl-ureidomethyl}-phenyI)-acrylic acid methyl 
ester (0.030 & 0.062 mmol) in dry MeOH (0.3 mL) was added NH2OH.HCI (0.033 g, 0.48 mmol) followed 
by 30% NaOMe in MeOH (0.134 mL, 0.72 mmoQ. The reaction mixture was stirred at room tern- 

peiatnre under nitrogen for 3 h dien was neutralized with trifhiordacetic acid. The mixtare was purified by 
reveiscNphase HPLC to give 3K4*{3-Benzoyl-l-[2<lH-indol-3-yI)-et]^]]-ureidometh^}-phen^^ 
hydros^acrjdamide (0.0037 g, 12%) as pale yellow solid. 
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LC-MS (ESI, positive mode) m/z 483 ([M+H]^. 



EXAMPLE 12 



Preparation of 8-(3-Benzoyi-uiei(io)-octanoic acid hydioxyanude. 




To a solution of 8-(3-Benzoyl-uicido>octanoic acid methyl ester (0.275 g, equal to 0.811 imnol) and 
NH2OH JICl (0.562 g, 8.09 mmol) was added dry MeOH (5 mL) and followed by NaOMe in MeOH (230 
mL, 4.37 M, lO.O mmol). The reaction mixture was stined at room tenperature under nitrogen for 50 min 
then was neutralized widi trifiuoroacetic acid (0.80 mL). The mixture was purified by reverse-phase prepa- 
rative HPLC (Cia, 5 um, 2lixl50 mm, 20 mUmin, 5 to 95% of CH3CN + 0.05% TFA over 18 min), to 
^ve 8-(3-Benzoyl-ureido)-octanoic acid hydro^^amide as white powder (0.115 g, 44%). 
LC-MS (ESI, positive mode) m/z 322 ([M+Hf). 

*H NMR (DMSO-Je) S 10.64 (IH, s), 10.34 (IH. s), 8.70-8.60 (IH, bs), 8.66 (IH, t. J - 5.1 Hz, 
CONHCH2), 7.96 (2H, d. J = 7.5 Hz), 7.62 (IH, t, J = 7.0 Hz), 7.50 (2H, t. J = 7.3 Hz). 3,23 (2H, q, J = 6.1 
Hz, CH2N), 1.95 (2H, t, J = 7.2 Hz, CHjCO), 1.50-1.48 (4H, m), 1.29-1.22 (6H, m); "C NMR {DMSOi/<s) 
5 169.1 (C0NH0H5, 168.2 (PhCO). 153.5 (NHCONH), 132.7 (CHQ, 132.6 (Cq), 128.4 (CH x 2\ 128.1 
(CH x2), 39.0 (CH2N), 32.2 (CH2CO), 29.1, 28.5, 28.4, 263, 25.0, 



Proceedmg as described in Exan^le 12 above but using appropriate starting materials (7-(3-Benzoyl- 



HPLC purity at 254 mm 98.7% 

'H NMR (DMSO-rffi) d 10.64 (IH, s), 1035 (IH, s), 8.7<K8.60 (IH, bs), 8.64 (IH, t, J - 5.6 Ifa, 
CONHCH2), 7.96 (2H, d, J = 7.4 Hz), 7.62 (IH. t, J « 7.4 HzX 7.50 (2H, t, J = 7.7 Hz), 3.22 (2H, q, J = 6.5 
Hz, CH2N), 1.95 (2H, t, J = 7.3 Hz, CH^CO), 1.55-1.40 (4H, m), 1.35-1.20 (4H, m); '^C NMR (DMSCMs) 
5 169.1 (CONHOH), 168.2 (PhCO), 153.4 (NHCONH), 132.7 (CH), 132.6 (Cq), 128.4 (CH x 2), 128.1 
(CH X 2), 39,0 (CH2N), 32.2, 29.1, 28.2, 26.1, 25.0. 

The following confounds are prepared by method analogous to those disclosed in Exan^le 1: 



EXAMPLE 13 



Preparation of 7-(3-Benzoyl-ureido)-heptanoic acid hydioxyamide. 




ureido)-h^tanoic acid methyl ester), and the reaction mixture was neutralized by TFA and evaporated to 
dryness. The residue was washed with water and the tided confound was obtained as white solid (0.175 g, 
67% in two steps). 

LC-MS (ESI, positive mode) m/z 308 ([M+H]^. 
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EXAMPLE 14 

8.[3^4.niethylbeiizenesuIfonyI)-ureido])-octanoic acid hydroxyamide: 




a. 



EXAMPLE 15 



7.[3^4.ine%]beazenesuIfoiiyl)^ireido]>-heptanoic addhydrcnqfaniide: 




EXAMPLE 16 



6>-[3-Xb«ffleBesulfonyl)-uceido])-hexaiioic acid hydioxyamide 




BIOLOGICAL TESTING AND ENZYME ASSAYS 
kecomhi^ant GST^HDACl Protein expression and mrificaHon 

Hiiman cDNA library was prepared using cultured SW620 cells. Human HDACl coding region was ampli- 
fied from this cDNA library, and cloned into pDEST20 vector using GATEWAY Qoning Tecbnology (In- 
vitrogen). The pDEST2(WHDDACl construct was confirmed by DNA sequencing. pDEST20-HDACl was 
then transfbnned into Escherichia coli DHlOBac competent cells. pDEST20-HDACl bacmid was isolated 
fcsm, die positive white colony. Recoinbinant baculovinis was prepared using the Bac-To-Bac method fol* 
lowing the manu&cturer's instruction (Invitrogen). The stq>s involved transfecting SF9 cells with tiie iso- 
lated bacmid using CELLFEdlN reagent (Invitrogen), followed by two-round of vims amplifications. 
Baculovinis titer was determined by plaque assay to be about 10^ PFU/ml. 

Expression of GST-HDACl was done by infecting SF9 cells with pDEST20-HDACl baculovinis at 
MOI'l for 60 h. Cells were harvested by centrifiigation at 500g for 10 ndn at Af'C. Tlie cell pellete were 
suspended in lysis buffer (4m]/g of pellet) containing SOmM HEPES, pH7.5» 25(hnM NaQ, 1% Triton X* 
100, 3mM MgCls, ImM DTT, ImM PMSF, 20pg/ml DNasel and Ix Protease Inhibitor cockiail (Roche). 
CeD lysate was tihen subjected to 3 freeze/thaw cycles in liquid Na/37**C water bath. Cell debris was re- 
moved from the sohible cell lysate by centrifugation at 13,200ipm for 30 min at 4**C. Sohible cell lysate 
was then incubated widi pre-equilibrated Glutathione Sqiharose 4B beads (Amersham) at 4^C for 2 h. Un- 
bound protein was removed from the mixture by a centtifogation at 500g for 5 min at 4*^C. The beads were 
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washed with PBS buffer for 3 times. And GST-HDACl protein was elated by elution buffer containing 
SOmM Tris, pHS.O, ISOmM NaCl, 1% Triton X-100 and lOmM or 20mM reduced Glutathione. Purified 
GST-HDACl protein was dialyzed with HDAC storage buffer containing lOmM Tris, pH7.5, lOtoM 
NaCl and 3mM MgCla. 20% Glycerol was added to purified GST-HDACl protein before storage at -80^C. 
Equipments: 

(a) . Baculovinis culture incubator and shaking incubator, set at 27.5°C (Sanyo, Labnet, IKA and Mors, 
Swiss) 

(b) . Biological Safety cabinet (Gelman and NuAiie) 
Materials: 

(a) . SF9 cells (Invitrogen) 

(b) . SF-900 U SFM medium (Invitrogen) 

(c) . Disposable polycarbonate Erlenmeyer flasks (Coming) 

(d) . CELLFECTIN reagent (Invitrogen) 

(e) . 6-well tissue culture dishes (Falcon) 

(Q. Concert High Purity Plasmid Mioiprep (Marligen) 
(g). Glutathione Sepharose 4B beads (Amersham) 

In vitro HDA C assav for determination of IC50 values 
Experimental procedure 

The assay has been carried out in 96well format and the BIOMOL fluorescent-based HDAC activity assay 
has been applied. Conq}ared to the traditional HDAC assay-using radioisotope labeled substrate [1, 1 1, 19], 
this assay is more specific (p53 peptide substrate for HDAC8 [2, 5]), easier (two steps), homogenous and 
sensitive (fluorescent-based). Briefly, deacetylation of the substrate sensitizes it to &e developer, which 
then generates a fluorophore (symbol). Te fluorophore is excited ^th 360 imi light and the emitted light 
(460 ran) is detected on a fluorometric plate reader. Currently, this assay has been successfully appKed m 
many studies related to HDAC inhibition effects [4, 12, 14, 21]. The analytical software, Prism 3.0 has 
been used to generate IC50 from a series of data. The pq)etttng scheme for a representative experiment is 
shown below: 1. add 10 ul of assay buffer mto columns 2-5, 7-10. wells B,CAE,G1 1-12 ; 2. add 12.5 ul 
of 2.5X compound (2 J uM) into columnsl, 6 and wells All-12. 12.5 ul buffer into wells Fll andl2; 3. 
sertab dihiite 2.5 ul (5X) in orientatimi as indicated above; 4. discard last 2.5 ul from oolunm5, 10 and wells 
Ell-12; 5. add 2.5 ul of HDAC enzyme (0.5 U for HDAC8, 2 ul for HDACI to reach final concentration 
of 600 nM) mto all wells except Fl 1-12; 6. add 12.5 ul of 2X substrate (200 uM for peptide substrate, 500 
uM for generic substrate) into all wells; 7. incubate at RT for 2 hr with agitation; 8. add 25 ul of 2X devel- 
oper into all wells and incubate for 10 mii^. 
Eqtdpment & Materials 
Equipment: 

(a). Tecan Ultra Mrcroplate detection system (Tecan Groi^ Ltd SwitzcvlaniQ 
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(b). Labnet Shaker, Model 30 (National Labnet Co., Inc. Woodbridge, NJ, USA) 

Materials: 

(a) . 96-well U-fonn black microplate, 650209, (Greiner Bio-One, Frickenhausen, Germany) 

(b) . Histone Deacetylase 8 (HDAC8) (human, recombinant), 100 U (SE-145, BIOMOL Research Laborato- 
ries, Inc. Plymouth Meeting, PA, USA) 

(c) . HeLa nuclear extract, 100 ul (KI-140, BIOMOL Research Laboratories, loc. Plymouth Meeting. PA, 
USA) 

(d) . Fluor de £ys-HDAC8 Substrata 0.5 umol 00*178, BIOMOL Research Laboratories, Inc. Plymouth 
Meeting, PA, USA) 

(e) . Fluor de Lys- substrate, 0.5 umol ^-104, BIOMOL Research Laboratories, Inc. Plymoudi Meetiing, 
PA, USA) 

(£). Fluor de Lys™ Developer Concentrate (20x), 300 ul (KI-105, BIOMOL Research Laboratories, inc. 
Plymouth Meeting, PA, USA) 

HDAC assay buffer Tris pH7.5, 25 mM; NaCl, 137 mM; KQ, 2.7 mM; MgQa, 1 mM, BSA. 

Data analysis 

The assay is conq>osed of duplicates for each compound. Thus, for the raw values from fluorescence read- 
ing, a mean value will be calculated using Excel formula [average (valuel: value2)]; in addition, standard 
deviation will also be determined based on duplicates by formula [std (valuel: value2)]. The Z' factor is 
calculated on tiie basis of high/ low signal with definitions: hig^ signal no inhibitor and low signalr^ no 
enzyme. Hence Z*==U3*(SDi,i^+5E)i0ar)/(Signa}ii^-Sigttaliow)- 



The HDAC enzyme inhibition results of representative conq)ounds are shown in Table 2 & 3. 

Table 2 



Conipound 


HDAC8 Enzyme Activity, ICso (^M) 


Example 1 


0.282 


Examples 


0.022 


Exan[q)le6 


0.075 


Exami^le 10 


0.561 


Example 11 


0.124 


Example 14 


0.051 


SAHA 


0.234 
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Table 3 



Cbnqtouxid 


HDACl Enzyme Activity, IQo 


£xaii9>le 1 


>100 


£xaii9le3 


5.66 




0.38 


Example 10 


0.064 


Exanqsle 1 1 


0.002 


Example 14 


1.13 


SAHA 


0.100 



Cell-based proliferation assay for determinatioa of GISO values 

The Cell proliferation assay is performed in a 96-well plate format. Cells are plated overnight and treated 
widi confounds (in triplicates, 9-dose treatment, 4-fbld dilutions from lOOuM) over 96 hrs. Cell growth is 
then detemiined by analyzing the number of viable cells remaining following treatment of die cells. Dose 
response curves are plotted to detemineGIso values for die conQ>ounds. Staurosporine treatment is used as 
a positive control for the experiments as staurosporine inhibits kinases and has anti-proliferative activity. 

The CyQUANT cell proliferation assay is a fluorescent assay based on the measurement of cellular nucleic 
acid content It contains a fluorescent nucleic acid stain, the CyQUANT GR reagent, that measures total 
nucleic acids as a direct indication of cell nund}er. The assay is more rapid and convenient flian conven- 
tional assays measuring metabolic activity as it does not require long incubations and cells can be frozen 
and stored prior to assaying. In dus protocol, it is ^pUed solely to the analysis of adherent cell lines. After 
treatment with conq^ounds, detached dead cells are removed with the culture supernatant and only the vi- 
able cells remaining are quantified in the assay by fluorescence measurement at 485/535nm. In the analy- 
sis of viable cells in suspension cell lines, die CyQuant assay cannot distinguish between live and dead cells 
in suspension as it measures total nucleic add content (from both live and dead cells) in solution. Tlnis, for 
analysis of suspension cell lines, mediods based on measurement of metabolic activity have to be used. 

Hie method adapted for diis protocol is die Celltiter96 Aqueoai One Solution Cell Proliferation Assay. It is a 
colorimetric method for determination of cell viability based on die cleavage of an MTS tetcazolium com- 
pound into a colored frnmazan product by metabolically active cells. The quantity of fonnazan product is 
direcdy pzopordonal to the number of livmg cells in culture. The assay has to be perfimned immediately 
after con^und treatment of cells. The CelltitBi96 Aq^ One Solution Reagent is added directly to the 
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cells in culture and incubated for l-4hours for color development before recording the absorbance at 
490nm. 

Equipment & Materials 
Equipment: 
Vortex Mixer 

Plate shaker for 96-well plates 
Single and Multichannel pipettors 
Cell culture Incubator 

l^croplatereadersforreadingoffloorescence(485/535nm)andabsoibance(^ 

Materiab: 

Appropriate cancer ceU linc(s) and culture media 

lOmM Confounds 

ImMStaurosporine 

96-well cell culture plates 

Reagent reservoirs 

ForadherentceUlines:CyQUANTceUproUferationassaykit(MolecularProbes#C-^^^ 
For suspensioncen lines: Cell.iter96 Aw One Solution CeUProliferation Assay 0^^^ 

Tbs oeU activity results of representative compounds are shown in Table 4. 



Conopound 



Example 6 



Example 10 



Example 11 



SAHA 



KCTHSS2fuM> 1 Colon 205 (mM) 



2.00 



0.69 



0.50 



4.62 



1^9 



2.02 



0.38 



2.57 



wictnug m acetvlation assay , . , i ri,v^«oc 

A haling of bistone deacetybse (HD AC) inhibition is the inc^ase in the acetylaUon level of histones. 

Tte degree of histone acetylation can be nK,nitor«^ 
di^ctedagainsttheacetylatedversionofW^^^ 

were plated into 10 cm dishes and grown overnight in RPMI mediun. Thereafter, ti.e cells were treated 
withincreasing amounts ofHDACinhibitory compounds by ad ^^^andlO 
^ f„«d concentration). After 12 hours of incubati^^ 
Western Blot procedure carried out as described in detail below. 

wx^^f^ntnt approach , * 

Specific proteh^ can readily be identified with the use of anti^ 

«^ly, the more abundant pro tein would display a s^^ 
a lower concentration. 
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Proteins must Sist be extracted from cells and quantified befoxe equal amounts from each cell line can be 
separated by gel electrophoiesis (SDS-PAGE). 

Sufficiently separated proteins in an SDS-PAGE can be transferred to a solid membrane for Western Blot 
analysis. For this procedure, an electric current is applied to the gel so that the separated proteins transfer 
through the gel and onto the membrane (nitrocellulose or PVDF) in the same sequence of separation as that 
on the SDS-PAGE. The membrane is then blocked with an inert protein like bovine serum albumin (BSA) 
or non-fat milk. This will avoid non-specific bindmg of the primary antibody to tiie uitblotted surfece of 
Ihe membrane. 

To detect lh& antigen (separated protein of interest) blotted on the membrane, a primary antibody is added 
at an appropriate dilution and incubated with the membrane. 

In order to detect the antibody which has bound, an anti-immunoglobulin antibody coupled to a reporter 
group such as the enzyme horse radish peroxidase is added (e.g. Goat anti-human IgG- alkaline phospha- 
tase). This anti-Ig-enzyme is commonly called a "second antibody*' or "conjugate". Finally after excess 
second antibody is washed free of die blot, a substrate is added which will precipitate upon reaction with 
the conjugate resulting in a visible band where the primary antibody is bound to die protem. 

PROTEIN EXTRACTION 

Keep equipment cold and everything else on icel ! 

PROTEIN EXTRACTION BUFFER (1 ml.V Take 200ul each of 5x Buffer, 5x NaCl, and 5x Igepal fi^om 
the Sigma MammaUan Cell Lysis Kit, and make up to volume with 400ul of deionised water. Add 60 ul 
Protease Inhibitor Cocktail for every ml. of extraction bufrer.(*Reduce Protease Inhibitor is higher vohimes 
axe used in protein extraction ISul for every ml) 
Protein Extraction from cells grown in culture: 

Rinse cells in ice-cold PBS and detach with trypsin. Pellet cells by centrifogation -1300g x 5 minutes, and 
remove supernatant Resuspend cell pellet in I ml. PBS and transfer mto a 1.5ml. Eppendorf tube and cen- 
trifuge ~ 13000g for 10 mins. Remove supernatant and gentiy resuspend cells in appropriate amounts of 
PROTEIN EXTRACTION BUFFER (e.g. - 50ul for small pellets and 100 - 150ul for larger pellets) 
Immediately freeze in LN2 and allow to thaw on ice - 20 mins. Cenlrifiige at -13000 x g for 30 minutes 
Remove supernatant mto a new tube and either freeze in LN2 and store at -80^ C or keep on ice for frmher 
work. 

PROTEIN OUANTIFICATION mRADPQRD METHODS 

1. Prepare protein standards of 0 - 3000 ng from a stock solution of 250ug/ml; 2. dilute all sanqjles be- 
tween 50x - lOOx; 3, dihite Bio-Rad Protein Assay solution 5x and transfer 200ul into each well in a 96- 
well plate; 4. add 20ul of each standard or sample solution into individual wells; 5. mix for - I min.; 6. 
read absorbance at 595 nm. 
PROTEIN SEPARATION fSDS-PAGE) 
6X Samp le T^aHmp; Buffer 
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7 mL 0.5M Tris-HCl, 0.4% SDS, 3 ml. glycerol. 1 g SDS. 0.93 g DTT, 1 .2 mg bromophenol blue. Make up 
volume to 10 ml with deionised water. Store in small aUquots at -20C. Add an appropriate amount of 
sample loading buffer to all samples. Heat to 95** C in tiie heating block for 5 minutes. 
GEL ELECTROPHORESIS: 

Set up the Xcell Sure Lock Electrophoresis gel tank according to die manufacturer's instructions. Place die 
pre-cast NuPage gels into the gel holders and add diluted NuPage tank buffer into the chambers. 
Load the Rainbow molecular weight marker and sarrgiles into respective wells in the gel 
Connect the gel tank to the power pac and run die at 150V constant for-lhour, 
PROTEIN TRANSFER- EL ECTROBLOnmNG 

While gel is running cut PVDF membrane and filter papers to exact size of gel (8.5 x 6cm). Wet PVDF 

with methanol in petii-dish. Then soak PVDF in diluted NuPage transfer buffer for at least ISmin. Take 

gel dessemble and cut wells and stacking gel of£ Make a gel sandwich (From black side down on bCTch): 

-Sponge (make sure no bubbles) 

-3x Whatman fdter paper (Wet m transfer buffer) 

-Gel, roll out bubbles 

-PVDF, roll out bubbles 

-3x Whatman filter paper (Wet in transfer buffer) 
-Sponge (make sure no bubbles) 

Assemble transfer apparatus. Place a small stirrer in chamber. Load transfer cassettes widi die BIACK 
side FACING BLACK part of blotting chamber. Fill cbanib«: widi Transfer Buffer past aU holes of sand- 
wich pack. Run at lOOV for eOmins or 250mA for 150 mins at 4oC. Dissemble gel sandwich. 
Marie die mariner on die blot accordmg to tiie color and identify flie protein side up. 

IMMUNODE TECnON (ANTIBODIES^ 

Reagents: 

lOX Tris Saline Solution (TSS) (pH 7.6) 
TrislOOmM 12.1g/L 
NaQ 1.5M 87.6gflL 
Adjust pH to 7.6 and store at OAC 

Blocking Solution (Ix TSS/5% milk) 
lOxTSS 10ml 
Non-&t powder milk 5g 
Deionized water 90ml 

Washmg Buffer ( Ix TSS/0 J% milk /Q, 1% Tween>201 
lOXTSS 100ml 
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Non-fat powder milk 2.Sg 
Tween-20 Ind 
Deionized water 89(hhi 



Blocking 

Transferred proteins can be visualized by staining the membrane for a few minutes widi Ponceau S- Re- 
move stain from the membrane by washing widi deionized water. Place membrane into blocking solution. 
Block for 30 minutes at 3T C, 1 hour at room temqperature, or overnight at 4** C. 

Incubation wi4i primary antibody 
Antibodies used: 

I Anti-acetylated Histone H3 (Lysin 14), UPSTATE 

n Anti-Actin (SIGMA) 

Protocol 

Decant die blocking buffer and wash the membrane with washing buffer for another SOmins. 
Add the primary antibody, diluted in washing buffer as suggested in the product description sheet 
Incubate with agitation for 30 minutes at 37** C, 1 hour at room temperature, or overnight at 4** C 
Incubation with secondary antibody. Decant the primary antibody. Wash the membrane 3X with washing 
buffer. First, for 15 mins then the subsequent 2X for 5 minutes. Decant fb^ wash sohition and add HRP- 
conjugated secondary antibody, dfluted in wash buffer. Incubate for 30 mhmtes at 37** C, 1 hour at room 
temperature, or overnight at 4* C Decant the antibody conjugate and wash for 40 minutes wifli agitation 
in wash buffer, changing die wash buffer every 10 minutes. 

! 

Substrate incubation (ECLS 

Decant washing buffer and place die blot on a clean tray.Prepaxe enough detection substrate according to 
the manufecturer's specifications. Gently drop the substrate solution over the protein side of the membrane 
and incubate at RT between 1-5 mins. Remove the blot from the tray and place it between two pieces of 
write-on transparency fiha Smooth over die covered blot to remove air bubbles and excess substrate and 
place the blot in an X-ray cassette. In die daric room lay x-ray fihn down over blots for Isec - 20rauis. 
Remove and develop fihn in die X-ray fihn processor. All work must be carried out in the dark or only with 
redli^L 

Reseal the cassette and replace all films into the respective box before switehing on the lights. 
Data analysis 

Place die developed fihn into die UVP under white light and use the Biounaglng software to read die den- 
sity of each band observed on die film. 



35 



The values are then normalized against tiie density of actin (or any other house-keeping protein) in the cor- 
responding sanqiles to obtain the expression of &e protein in a particular cell line. 
The results of histone deacetylase assay are shown in Table 5. 

Tables 



Compound 


Histone 3 acetylation activity 


Example 6 


Active 


Example 10 


Active 


Example 11 


Active 


SAHA 


Active 



What is claimed is: 

1. A coxnpound of &e formula (J) 



G — Q— N-^ N-OH 
^3 



N-B — ^A— Z— L 
Formula (1) 




O 



wherein 

is selected from H, Ci -Q alkyl, acyl; 
L is a single bond or is a Ci-Cs hydrocarbon chain which may contain 0 to 2 double bond or triple bond or 

one double boiid and one triple bond, Ac chain may be optionally intem^»ted by -0-, -S-, -S(0)- and - 

S(0)r» and unsubstituted or substituted with one or more substituents independenfly selected from ihe 

groiq) consisting of CrQ alkyl; 
Z is single bond or selected from O, S, S(OX S(0}2, etc. 

A is single bond or a ring which is selected from aiylene, heteroar^dene, cycloalkyl^ie and heterocycloal- 

kylene which could be further optionally substituted by X and Y. 
B is single bond or a ring which is selected from arylene, heteroaryiene, arylalkylene, heteroarylalkylene, 

CrCs alkylene, heteroalkylene, cycloalkylene and heterocycloalkylene which could be further optionally 

substituted by X and Y. 
M is selected from O, S, NH, NR^ NOH and NOR*. 

R^ and R' are the same or di£ferent and independendy H. C| -Cio alkyl, all^nyl, heteroalkyl, haloaDcyl, al- 
kynyl. aryl, cycloalkyU heterocycloaBcyl, heteroaxyl, C« -Q heterocycloalkylalkyU cycloalkylalkyl (c,g., 
cyclopropylmetfayO* arylalkyl (e.g. benzyl), heteroai)ialkyl (e.g. pyridyhn^yl), hydioxyl, hydroxyal- 
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kyl alkoxy. anuno. alkylamino. aminoalkyl. acybmino. phenoxy, alkoxyalkyl. benzyloxy. aIkylos«l&- 
ny^ arylsulfonyl. anrinosulfonyl. ^0)0K*. ^NHR«. -NHCONHR*. C(=^OH)R^ and acyU 
Q is selected ftom SiOh; -CO- and-C{=S)-. 

G is selected from aryl, heteroaxyl. alkyl, cycloaUcyl, heterocycloalkyl. arylalkyl and heteroarylalkyl; they 
also could be fiirther substituted by X. Y. R«. hydroxyl. hydroxyalkyl. alkoxy. amino, alkylammo. ami- 
noalkyl. acylamino. phenoxy. alkoxyalkyl. benzyloxy. alkylosulfooyl. arylsulfonyl. aminosnlfonyl, - 

CXOpR" -C(0)OH, -SH, -CONHR\ -NHCONHR*. and C(=NOH)R*. 
XandYaxe the same or different and independently sdectedfroml^drido. hate. C,^ 

and CF,. NOi. 0R\ SR^ C(0)R^ CN. andNR* R' ; 
R" is selected ftomCi-C* alkyl, hetsroalkyl, aiyl, heteioaryl, acyl; 

R5 is selected ftom C,-C4alkyl: 
. R«andR'arethesameordififerentandindependentlyselectedftomhydrido.C..C.aM^ 

C«-C9 heterocycloalkyl. aryl, heteroaryl. arylalkyl. heteroarylalkyl; 
or a phaimaceuticaUy acceptable salt thereof. 

2 ThecompoundaccordingtoclaimlwhfireineacliofR'.R'.XandYisH. 

3 . me compound according to claim I of formula Oa) v^heiein r' - R' - R* G. X. Y. Z. A. B. R and 
are the same as in claim 1 . 

O o *\ 

G—iL^ ,N-OH 

n-b— a— z— l- 




Formula (la) 

4. The compo^xd according to claimlof formula (lb) whereinR•=R^ = H;R^G.XY.Z^ 
R^ are the same as in claim I. 

Op »\ 

{ VOH 

N-B — ^A— Z— L-^ 

1 o 

R2 

Formula (lb) 

5. The oonpaund according to claim 3 rffinmnla (Ic). 



8 i • 
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I 



O o "\ 
G— 1*-^ N-OH . 

H f-B— A 

R2 

Formula (Ic) 

6 The conqjound accoiding to claim3 of fonxnila (M). 

o o \ 

H ^—^ — "-H 

R2 

Formula (Id) 

7 The compound according to claim4 of fonnula (le) 

O o "\ 

1 N-B— A L-^ 

H 1 O 
R2 

Fonnula (le) 

8. Hie conqsomid according to claim 4 of fisnnola (If)- 

Formula (If) 

9 m coo^ponnd according to claim 5 of fimimla Gb) B 
La3edftamCH.CH^.-CH=CH..^triplebond<>.R*is«^ 
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aiylheteroalkyl. lieteroaiylallcyl, hcteroaiyUietBioalkyl. B is attadied to meta or para position of pheiQrlene 
against L. G is selected from aiyl, heteioaiyl, allcyl and alkoxyalkyL 



G — '^N-^ N-OH 
Formula (Ig) 

10. The a«n)ound accoiding to cbim 6 of fonnnla fjh) ^lAerein n is an integer from I to 8; is selected 
&om H, allq^ aiylaUqrl. aiylhetooallqrl, heteroaijrtalM,. heteioarylheteioanqrl; G is selected fiom aijrt, 
heteroaiyl, all^l and heteroalkyl. 



N-OH 



h'^ n — (ch2)h— i 

R2 

Formula (ih) 

11. The conpound accoiding to daim 7 of fbmmla GO wherein B is a single bond or CHj, L is a sin|fle 
bond or selected fiom CHj, CHzGHj. -CH=CH-, <>triple bond-C-, Ri is selected fromH. alkyl. aiylalkyl. 
ar^hetenalkj^ heteioarylallcyl, heteroarylheteioalkyL X is selected fiom H, halo, Ci-Q alkyl, aDcxoy. al- 
l^lamino; B is attached to meta m paia position of phenjAene against L. 

O o 

^ S H rB-Q-L^ 

R2 

Formula (11) 

12. The conqjoimd accoiding to claim 8 of formula (Ij) wherein n is an integer fiom 1 to 8, X is selected 
fiom H, halo, C1-C4 alkyl, allocoy, alkylamino. 
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13. The use of a pliarmaceutical conqjosition comprisixig the compound accorduig to claim 1 to treat prolif- 
erative diseases, including cancerous tumors. 

14. The use of a pharmaceutical conq)osition comprising the co^^>ound according to claim 3 to treat pro- 
liferative diseases, including cancerous tumors. 

15. The use of a pharmaceutical conqposition con^iising die conqiound accordmg to claim 4 to treat prolif- 
erative diseases^ including cancerous tumors. 

16. The use of a pharmaceutical con5>osition conqirismg the con5)ound according to claim 9 to treat i»olif- 
erative diseases, including cancerous tumors. 

17. The use of a pharmaceutical con^)osition coiiq)rismg die con^wund according to claim 10 to treat pro- 
liferative diseases, including cancerous tumors. 

18. The use of a pharmaceutical composition coiiq)rising die conqiound according to claim 1 to modify 
deacetylase activity, preferably histone deacetylase activity. 

19. The use of a pharmaceutical con5)osition con5>rising die compound according to clahn 3 to modify 
deacetylase activity, preferably histone deacetylase activify. 

20. The use of a pharmaceutical composition comprising die confound according to claim 4 to modify 
deacetylase activity, preferably histone deace^lase activity. 

21. The use of a pharmaceutical con?)osition con[q)rising die conqjound according to claim 9 to modify 
deacetylase activity, preferably histone deacetylase activity. 

22. The use of a pharmaceutical composition con^rising die compound according to claim 10 to modify 
deacetylase activity, preferabfy histone deacetylase activity. 

23. The use of a pharmaceutical conqjosition conq)rising die compound according to daim 4 to modify 
histone deacetylase activity, preferably HQAC8 activity. 

24. The use of a pharmaceutical conqiosition comprising die compound according to clann 9 to modify 
histone deacetylase activity, preferably HDACl and HDAC8 activify. 

25. The use of a pharmaceutical conq>osition comprising die conqiound according to claim 10 to modify 
histone deacetylase activity, preferably HDACl and HDAC8 activity. 

26. The use according to clahns 13-25 wherein said conqjound is selected from conq)Ounds, and tiieir 
pharmaceutically acceptable salts, selected from die group of compounds consisting of 
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8-[3-{4-methylbenzen6$ulfbnyl)- 
ureido]]hOcKano!c add hydroxyamide 



743-(4-methylbeiizenesulfbnyI)-ureido])- 
heptanoicadd hydro)^amide 



6^3.(4.rnethylbenzmesulfonyl)-ureidol)-hexanolc 
add hydrox^mnide 



6-[3-(benzen8Sulfony))-ureidoD-hexanoic add 
hydroxyamide 



6-(3-Benzoyl-ureido)-hexano!C add hydroxyamide 



7-(3-BenzoyMjreido)-heptanoic add hydroxyamide 



8-(3-BenzoylHireido)-octanoic add hydroxyamide 
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N^Hydroxy-4-[3-{4- 

methylbenzene5Ulfonyl)ureido]methyl-benzamide 



A/-Hydroxy-2-[4-I3-(4-methylben2enesulfDnyl)ureldoV 
phenyl}-acetamide 



Af-Hydroxy-2-{3-[3-(4- 

methylben2enesulfonyl)ureidol-phenyl)-acetamide 



N-Hydro)^-3-{4-[3-(4-methylbenzenesulfonyl)ureidol- 
phenyl}-acrylam!de 
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1 



o o 



' 4.(3^enzoyl-ureldomethyl)-AHiydroxy-b8n2amide 
OH 



a. 



H H 



Y Y^ § 2H4K3-BeiizoylHireldoVphenyQ-A^Mraxy^cetamide 



OH 



H (j ^ ^ NH 2-[3-(a-Benzoyl-ureldo)-phenya-N-hydroxy-acetamide 



HN 




OH 

b 344^3-Berizoyl-urMdo)i)henyll^-hydio)v-«crylamidB 



o o 




3-(4-{3-Benzoyl-1-p-{1«-'ndol-3-ylHttiyl]- 
ureidomethylH)henyl)-AHiydraxy-aciyIarrtde 



27. A phannaceutical compositfon comprising ttae compound according to any one of claims 1 ttaongji 12. 
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